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* ¥P . We ' The Lubr »zol Corporation 
„ ^ 10n d, i ly or 8 a °ized and existing 

S*t£ ?f C i aWS 9f th6 , State ° f ° hio - United 
5 sS inn r^ me . nCa ^ c/ ° Box 17100 Euclid 
S ic ' f CleVel ^ nd ' ° hio 441 17 - United 
states of America, do hereby declare the 

Si *F anted to "s. and the method by 
which it is to be performed, to be particu- 

s a j!Lent:- ed " ^ by the f °» 0win S 

trJ>r iS | nvention re 'ates to a method for 
treating ferrous metal and galvanized articles 
and to articles thus treated. 

It nas been the practice for many years to 
form conversion coatings on metal surfaces 
by treatment with solutions of various chem- 
icals which react with the surface to form 
a coating which protects the metal against 
corrosion and also serves as a paint base. 
Among the commonly used conversion coat- 
ing compositions are aqueous phosphate and 
chromate solutions. Many of these are 
known in the art; among the simplest of the 
phosphate compositions are the so-called 
iron phosphates" which comprise, for ex- 
ample solutions of alkali metal phosphates 
and which react with the iron of the ferrous 
metal surface to form an iron phosphate 
coating. Most "iron phosphate" solutions 
must be contacted with the metal at elevated 
temperatures, typically 50°C or above. • In 
view of the current need to conserve energy 
it is of interest to develop conversion coat- 
ing solutions which may be used at lower 
temperatures, especially room temperature. 

Other conversion coating compositions in 
general used are the chromium-containing 
solutions known in the art. These generally 
contain hexavalent chromium in the form of 
chromate or dichromate. frequently in com- 
bination with- trivalent chromium or in forms 
such that partial reduction to trivalent 
chromium takes place during treatment of 
the ferrous metal surface. Recent emphasis 
on water pollution problems has drawn at- 
tention to the fact that chromates are serious 
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pollutants To meet water quality stand- 
f ™£ ,S / requen . t i y nec essary to go through 
a multi-stage purification sequencl in ordlr 

DroceT,° V em Chr T ate V from ™ etal treatment 
process effluents. Typical steps in this 

vX e t n chrn nClUde red - UCtion of the 
valent chromium to trivalent chromium and 

result is that the chromate content of the 
effluent water is decreased, frequently to zero 
or near zero, but the expense of the tS° 
ment process to the user is quite high 

for n e rn P I? ?nt invention Provides a method 
tor producing a conversion coating on a 
ferrous metal or galvanized article which ha? 
not previously had such a coating formed 

^dZS c \T th6d COm P rises «2 

trivalen t rLT^ a ° aqU£OUS SO,ution °f * 
tr valent ctr™ JUm . com P° und wherein the 
trivalent chromium ion is substantially the 
only ,on present capable of forming a con- 
ver SIO n coating on the article ™dwhereE, 
the solution contains substantially no poly" 
menc coating material or urea nitrate or 

SSSfor** ^ invention ? 

izedlted' d « ta ««- of steel or galvan- 

iun^Ste °i chromiu 1 m sulfate or chrom- 
ing nrff^r'i °l - exam P ,e . may be used but 
art Sd tnva [ ent chromium solutions 

ous pre P aredb y reduction of an aqu™ 

he ^ avaIent . chr °m!«m-containing solu- 

oSnic 1*Z S - ,tab,C - reducin g ^nl both- 
nrf^ ? and . morgan ic, are known. The 

an!r^h° a neS , ' nC ,! Ude Such materaI * as meth! 
S? h% n q °u , i n e o t n h e yIene g,yCO, • formal ^hyde. 
The methods of reducing hexavalent 
chromiunvwith organic reducing agente are 
generally known in the art. For example 

Sefco** "for'' 06 J 87 - 7 and3 . 404 .°45 She 
wS ForJZJ [ e * UCmB , chr °mium trioxide 
vyitn formaldehyde and methanol resrfee- 
t.vely. However, the amounts of the reduc 
»ng agents used according to those patent 
are insufficient for complete reduction of 
hexavalent to trivalent chromium. Accord- 
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reduSng'aS^ !nVenti °!J- the amou "< of 
^^VS^a&SS the 

mwmi- 

sodium r<i p y „ B SiS m U b SC 

of sulfite or bisulfite over Xc excess 
should generally not be pSsent suiceTe 
presence of sulfite or bisulfite in T fi , 
treatment solution sometfmes result frfi 

thV n U,fi a te ,% b S fite ^ff^S^S 

l ". n L . a *% excess (by weichO over tul 

£S^ am ° U f -quireffSr SEpfiS 
ium Tf 0 iif taval ? ,t . to ^vatent chfom- 

X fi t£n. Sh ° U,d bC USCd to completed 
solSons P wht r h ti0n °l triva,ent chromium 

oVfheTlKinl 6* "r^^SS 
oy me tollowmg Examp es. All Darts nw 

by we,ght Equivalents of acid arHalcu 
Iated on the basis of acidic hydrowns An 
equivalent of a material to B£ A " 
th? UC6d L S itS moI ecular weight divided bv 

a^i^^ss chanse s 

assay chromium trioxide in 204 parts of 

5s • ^? St,rri J ng ' at a temperature o?4^Z 
88 C. The product is the desired trivalent 
chromium solution. »«vdieni 

EXAiMPLE 2 
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except that 465 parts (9.12 equivalents of 
concentrated sulfuric acid is SStogS o 
A s,m ''ar product is obtained. 



The procedure of Example 1 is reDeated 

cnn eP 7 hat , 85 ? Parts (9( * equ vaeStf 
concentrated nrtric acid is used instead of 

E^M P ri S r ,arpr0dUCt}SObta - ed - 
The procedure of Example 1 is reDeatprf 

335 that , 550 P arts (9.17 equgjgg^ 
facial acetic acid is used, instead of HQ 
A similar product is obtained 
Example 4 
The procedure of Example 1 is repeated. 



Example 5 

Solid sodium bisulfite. 12.2 parts fO 235 
equivalent), is added gradually! wfth stirrin/ 

of 995^, 0f 7 l Parts < 0233 equivaTen?) 
oart, a f ay chromium trioxide in 80 
parts of water. The addition rate of tru- 75 
sodium bisulfite is. such that the temperature 
does no exceed 65»C. The produces thl 
desired trivalent chromium solution 

the m^ eteI ^f rae . nt operation in which 
the method of this invention is use the 80 ' 
metal surface is usually first cleaned bv ' 

vtlenf rhrA^- d .°^ ,des - When the tri- 
actan « T m "I solution contains a surf- 
chSSdrt Sde ^ ribed hereinafter, the initial 85. 
sary c,eanJn S stage may be unneces- 

whfch trl? 06 *? y portion ther eof for 
which treatment is desired) is then rinsed 
with water and treated with the trivalent 90 

Sy°of X S ° ,Uti ° n - / T -atment ma? be ^ 9 ° 
any of he commonly used techniques such 

re S ve?S > roltr b r h t 1 > g - rouSSagg 
Son. nf r l° atm & and . now-coating. The 
solutions of the present invention are oar- 95 
ticularly useful in a spray system Th P 
concentration of chromium* in* hT" meSl 
treatment solution is generally O.W-0 2% 
by weight and may be somewhat lower for 
spray applications (e.g.. 0.05-0 11%) than inn 
for immersion applications (e.gTo 11^2%) 

tibPdn? 1 ° f th ?- trivalent c ^omium solu- 
tion during application is generally 3 5— 

prepared ^i^ 5 ^ S J nce a ^entrlte 
prepared from an already formed trivalent 105 

Srjl Ce.g. chromium chlorideor 105 
murate). or by reduction of hexavalent 

^ u Tf!rH- Wlt M Certain redu cing agents such 
Tjfl t 1< ? X , ,de ' may be to ° acid i c to pro- 
• fcf ^ tal ^taent solution having a pH HO 
within this range, it may be necesslry to 
adjust the pH of the concentrate or treatment 
solution by adding an alkaline reagent there- ' 

droxiH^c^ 38 ^' J 11 ^'^ ammonium hy- 
droxide, sodium hydroxide or potassium hv- 115 
drox.de. and preferably one of the latte^two) 
is mos preferably added to the concentrate. 

Un the other hand, when bisulfite is the 
reducing agent it may sometimes be neces- 
sary to acidify the water used for diluting 120 
he concentrate to form the treatment solu- 
tion. so as to avoid the formation of a pre- 
cipitate or a colloid during dilution. When 
tliis is done, the water should have a pH 
after adjustment below 7.0, preferably 5— 125 
■ • ,c h . e P ref erred acid for adjusting pH 
is sulfuric acid. * . 

The temperature of application of the tri- 
valent chromium solution to the metal sur- 
face is usually 0— 50°C, although it may be 130 
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higher (up to 75 °C.) if desired, and is pre- 
ferably 10 — 30°C. Thus, it;will be appreci- 
ated that the method of this invention can 
use temperatures much lower than are gen- 
5 erally required for the application of an 
"iron phosphate" coating, and consequently 
that a lower energy input is necessary. This 
low energy input is another advantage ob- 
tainable with the method of this invention. 

10 Following the trivalent chromium treat- 
ment, the metal surface is usually rinsed with 
water, usually also at a temperature below 
50°C. and advantageouosly at room temper- 
ature, and is then dried. Drying may be 

15 simply air-blowing at room temperature or 
may be at higher temperatures, usually up to 
65°C. 

The conversion coating produced on a 
ferrous metal surface by the method of this 

20 invention is usually deep blue in color. In 
addition to furnishing an attractive appear- 
ance to the metal, it improves corrosion re- 
sistance and paint adhesion. 

After a metal article has been treated in 

25 accordance with the method of this inven- 
tion, it is preferred to apply an organic coat- 
ing composition which may be a siccative 
coating such as paint, lacquer, varnish, syn- 
thetic resin, or enamel (which are preferred), 

30 an electrostatically deposited powder coat- 
ing, or any other suitable type. Examples of 
siccative coatings which may be used are the 
acrylic, alkyd, epoxy, phenolic, melamine 
and polyvinyl alcohol desins and paints. 

35 Application of a siccative coating com- 
position can be effected by^ any of the ordi- 
nary techniques such as brushing, spraying, 
dipping, roller-coating, flow-coating, electro- 
static or electrophoretic attraction. The 

40 coated article is dried in the manner best 
suited for the siccative coating composition 
employed, e.g., by air-drying at ambient or 
elevated temperature, baking in an oven, or 
baking under infra-red lamps. In most in- 

45 stances, the thickness of the dried film of . 
the siccative organic coating composition 
will be 0.1 — 10 mils, more often 0.3 — 5 mils. 

From the above description, it will be ap- 
parent that the advantages obtainable using 

50 this invention include the avoidance of hexa- 
valent chromium as a pollutant in the process 
effluent, lower energy requirement for form- 
ation of a conversion coating, good paint 
adhesion of the treated metal, and good 

55 corrosion resistance, especially of the painted 
metal surface. 

It is within the scope &t this invention to 
include in the trivalent chromium solution 
a minor amount of a surfactant, usually a 
60 non-ionic surfactant. When the surfactant 
is present, the chromium solution may be 
used as a cleaner as well as a conversion 
coating solution, thus eliminating the initial 
chemical cleaning step described herein- 
65 above 
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The effectiveness -of the method of this 
invention for forming conversion coatings 
on ferrous metal surfaces is demonstrated by 
a procedure in which panels of cold-rolled 
steel are cleaned by spraying with a sodium 
phosphate-based cleaner at 66 — 72°C. and 
rinsed with water at room temperature. 
They are then sprayed at 18 — 22° C. with a 
solution of Example 5. The treated panels 
are rinsed again with water, dried under 
infrared lamps and painted with, a white 
alkyd-melamine baking enamel. Six sets 
of test panels are processed at the end of 
consecutive half-days of working of the 
spray line. 

A set of control panels is similarly cleaned 
and rinsed, treated at 50 — 60°C. with a com- 
mercial chlorate-accelerated iron phosphate 
conversion coating solution having, a pH of 
5 — 6, and rinsed with water and with a com- 
mercial hexavalent-trivalent chromium post- 
rinse solution. These panels are also painted, 
as- described above. 

The paint film on each panel is ruptured 
down to the bare metal by scoring a six- 
inch line on the surface of the panel. The 
scored panel is placed in a cabinet contain- 
ing a 5% aqueous sodium chloride solution 
at 95°F. Air is bubbled through the solu- 
tion to produce a corrosive salt atmosphere 
which acts on the surface of the test panel 
suspended above the level of the salt solu- 
tion. The panels remain in this atmosphere 
for .120 hours after which they are removed, 
washed with water and dried with a cloth. 
A pressure-sensitive^tape is then applied to 
each panel and removed suddenly. This pro- 
cedure is repeated until no more paint can 
be removed in this manner. The loss of 
adhesion caused by corrosion from the 105 
scribed line is measured in thirty-seconds of 
an inch. 

When measured in this manner, the aver- 
age loss of adhesion for the panels treated 
by the method of this invention is 0.75 HO 
thirty-seconds of an inch. The average for 
the control panels is 0.44 thirty-seconds of. 
an inch. Thus, the method of this inven- 
tion gives results when the chromium solu- 
tion is applied at room temperature or below. 115 
which are comparable to those provided by 
a commercial "irori phosphate" solution ap- 
plied at elevated temperatures and followed 
by a commercial hexavalent chromium- 
containing rinse. 

WHAT WE CLAIM IS: — 
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1. A method for producing a conversion _ 
coating on a ferrous metal article which has izd 
not previously had such a coating formed 
thereon which method comprises contacting 
said article with an aqueous solution or a 
trivalent chromium compound wherein me 
tnvllent chromTum ion is substantially the 130 
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only ion present capable of forming a con- 
version coating on the article and wherein 
the solution contains substantially no poly- 
meric coating material or urea nitrate or 
sulfonic acid. 

2. A method according to claim I 
wherein the aqeuous solution is obtained by 
reduction of an aqueous hexavalent chrom- 
ium - containing solution. 

3. A method according to claim 2 
wherein the reducing agent for the hexa- 
valent chromium is an alkali metal sulfite or 
bisulfite. 

4. A method according to claim 3 
wherein the reducing agent is sodium or 
potassium bisulfite. 

5. A method according to claim 3 or 4 
wherein the amount of sulfite or bisulfite 
used for reduction is less than a 1 % excess, 
by weight, over the stoichiometric amount 
required for reduction of hexavalent to tri- 
valent chromium. 

6. A method according to any preceding 
claim wherein the metal article is rinsed with 
water after being contacted with said aque- 
ous solution. 

7. A method according to any preceding 
claim wherein the temperature of application 
of said aqueous solution to said article is 
10— 30°C. 

8. A method according to any preceding 
claim wherein the pK of the aqueous solu- 
tion is 4^—6. 

9. A modification of the method of any 
one of claims 1 to 7 wherein the article is 
a ferrous metal article or a galvanised article. 

10. A method according to claim 9 



wherein the aqeuous solution contains 0.01 
to 0.2% chromium by weight. 

11. A method according to claim 9 or 40 
10 wherein the pH of the aqueous solution 

is 3.5 to 6. 

12. A method according to claim 1, 
wherein the solution is substantially as des- 
cribed in any of Examples 1 to 5. 45 

13. A ferrous metal article having on its 
surface a conversion coating produced by 
the method of any one of claims 1 to 8. 

14. A ferrous metal article according to 
claim 13 which has been further coated with 50 
an organic coating. 

15. A ferrous metal article according to 
claim 13 which has been further coated with 
a siccative organic coating. 

16. A metal article having on its surface 55 
a conversion coating produced by the 
method of claim 9. 10 or 11. 

17. A metal article according to claim 
16 which has been further coated with an 
organic coating. 60 

18. A metal article according to claim 
16 which has been further coated with a 
siccative organic coating. 

19. A ferrous metal article having on 

its surface a conversion coating produced by 65 
the method of claim 12. 

20. A ferrous metal article according to 
claim 19 which has been further coated with 
a siccative organic coating. 

For the Applicants : 
D. YOUNG & CO., 
Chartered Patent Agents, 
9 & 10 Staple Inn, 
London, WC1V 7RD. 
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